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La fisiologia del sistema nervos de 10s tunicados. 
11. La relaci6n del nervioso ganglionar con el coraz6n. 
La actividad normal del coraz6n del tunicado Ascidia mentula 
exhibe series alternadas de contracciones designadas como de 
direcci6n ventral y dorsal, y las 25 contracciones de una serie 
requieren 2 minutos y 5 segudos. La rapidex inicial de la con- 
traccibn es de 5.5 segundos por contraccibn o sea, 55 segundos 
para las diex primeras pulsaciones de una serie. Esta rapidex 
inicial y el ndmero de contracciones fueron estudiados con 
referencia a1 efecto que pueda causar en ellas la estimulaci6n o 
extirpaci6n del sistema nervioso. La separaci6n de pedacitos 
de la tdnica, la secci6n de 10s nervios situados entre el ganglio y 
el coraz6n y la extirpaci6n del ganglio supone un aumento de las 
contracciones desde 25 a 50 o 90, y la rapidez disminuye desde 
5.5 a 5 o 5.4 segundos por contracci6n. La rapidez de la con- 
traccibn se acelera de este modo, aumentando el nftmero de 
contracciones y como resultado, dilatando la duraci6n de una 
serie. Los efectos de las estimulaciones y operaciones desapa- 
recen a1 cabo de una hora o un dia, y el corax6n vuelve a su 
condicion normal originaria, manifestada por la rapidez de la 
contraccibn y nftmero normal de pulsaciones. De 10s datos 
obtenidos no puede deducirse si el coraz6n estB bajo la influencia 
del ganglio nervioso. 
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INTRODUCTION 
In a previous paper (Day '19) the author showed that while 
the ganglion of the tunicate exerts certain coordinating and 
tonic effects upon its sensory reactions, they are not wholly 
under the control of the ganglion. Since it is also an estab- 
lished fact that the heart of the tunicate is capable of beating 
not only independently of the nerve ganglion, but apart from 
and independently of the body as well, the question arises as to 
whether the ganglion dispatches accelerator or inhibitory im- 
pulses to the heart, and whether it in any way augments or 
diminishes the vigor of the rhythmical contractions, or whether 
the heart is entirely unregulated by any ganglionic influence. 
It was hoped that a careful recording of the beat under varied 
experimental conditions with the aid of a kymograph would 
reveal whatever influence the ganglion might exert. 
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h'lATERIALS AXD METHOD 
Ascidia mentula was the tunicate employed throughout the 
present investigation. 
The body of ascidia mentula is transparent enough as a rule 
to  permit the heart to be seen when the animal is placed on its 
side in a vessel of sea-water and viewed through a binocular 
microscope. In  order to observe it more readily, however, a 
slice was shaved off the tunic after a record had been made of 
the normal beat. This operation itself temporarily affected the 
rate, and a day was allowed to elapse for the heart to regain the 
normal before observations were continued. New records were 
then made of the normal condition, following which the heart 
was cut off from all communication with the ganglion either by 
severing the nerves or by extirpating the ganglion. 
The pulsation-waves were recorded on a kymograph by tick- 
ing a Morse key every time a pulsation wave traveled beneath 
an arbitrarily chosen landmark on the sliced area of the tunic. 
With the aid of a metronome a time-curve in seconds was 
recorded directly beneath the heart-curve. 
The temperature of the water in the vessel in which the 
tunicate lay fluctuated a degree or two with changes in the 
room temperature, but these slight variations had no measurable 
effect on the beat of the heart. 
The records for a given animal extended over a period of from 
five to ten days. During this period the tunicates were kept 
in large aquaria provided with running sea-water. Whereas a 
mild form of stimulation, such as tactile, might be suspected of 
affecting the heart reflexly, attention was directed to extreme 
methods of stimulation first to determine whether they had any 
effect on the character of the beat. After first considering the 
features of the normal beat, the results of strong stimulation by 
cutting into the tunic, severing nerves, excising the ganglion and 
amputating a siphon will be presented. 
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NORMAL BEAT OF THE HEART 
The heart-beat of an Ascidia mentufa lying undisturbed in a 
1. Alternating ventrad and dorsad series of pulsation-waves. 
2. Each series consists of about the same number of waves, 
twenty to forty according to the size and condition of the animal. 
3. Each requires about the same length of time for its com- 
pletion, two to  four minutes depending on the length of the 
series. 
4. Each pulsation-series is followed by a pause of from ten to 
fifteen seconds before reversal occurs. 
5 .  An acceleration of beat occurs usually during the course of 
a series. 
The heart is looped around the base of the pharyngeal sac in 
the posterior end of the body in such a way that one end lies 
under the nerve ganglion and dorsal and the other end lies on 
the opposite side of the pharyngeal sac and ventral. A ventrad 
series, therefore, is one in which the pulsation-waves originate at  
the dorsal end and travel around the loop to the ventral end, 
and a dorsad series is one in which the direction of the waves is 
reversed, commencing at  the ventral end and traveling around 
the loop to the dorsal. 
The graphic records have been analyzed and the results set 
forth in the accompanying tables. Graph 15l of table 1 repre- 
sents a typical sequence of events for the heart-beat of a normal, 
uninjured, and unstimulated animal. The first line states the 
number of beats in alternating ventrad and dorsad series, and 
the next three lines give an analysis of the first ventrad and of 
the first dorsad series of beats. 
The ventrad series required 2 minutes and 19 seconds for the 
25 beats comprising it. This interval of time was distributed 
over the series as follows: 55” for the first 10 beats, 55” for the 
second 10 beats, and 29” for the last 5 beats of the series. A 
pause of 18” followed, and succeeding this came a normal 
reversal with the beats traveling dorsad. The dorsad series 
required 54 ” for the first 10 beats, 55 ” for the second 10, and 28 ” 
vessel of fresh sea-water exhibits the following characteristics : 
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for the last 5,  totaling 2 minutes and 17 seconds. After a pause 
of 8 ”, a reversal again occurred. 
It will be noticed that there is close correspondence between 
the time-relations for the two series except in the matter of the 
intervening pauses. The fact that the landmark selected on the 
tunic as the point for observing the passage of the impulses, did 
not lie equidistant from the two ends of the heart was found, 
however, to account for this difference in length between the 
pause following a ventrad series and the pause following a dorsad 
series. 
The beat of the heart varied from day to day even under 
normal conditions as may be seen from a glance at table 4. For 
Ascidia mentula no. 15 the number of beats per ventrad series 
ranges from a minimum number of 25 up to a maximum of 42, 
and the number per dorsad series ranges from 21 to 35. These 
extremes in the range of beats are no doubt the expression of 
varying degrees of stimulation of some sort to which the animal 
is subjected. The average number of beats per series, ventrad 
and dorsad alike, when the extremes are disregarded is 25. 
There are, however, individual differences, as comparison of the 
records of the three animals in the table reveals. The normal 
number of beats runs higher for both nos. 16 and 18, the latter 
having the highest average record of the three. 
The fifth feature listed for the normal heart-beat, acceleration 
during the course of a series, is best seen in a long series such as 
is exhibited by Ascidia m. no. 18. In graph lS1, table 3, the first 
ventrad series has 39 beats which required 3 minutes and 23 
seconds for their execution. The number of seconds per every 
consecutive 10 beats runs 53, 51, 49, and then 50” for the last 
nine beats. The second and third 10 beats, therefore, required 
less time than either the first 10 or the last 10 of the series. In 
the case of the first dorsad series where the 38 beats required 3 
minutes and 30 seconds, the acceleration is less pronounced, 
the third 10 beats requiring but one second less than the first 
10 and seven less than the last 10. In both instances it takes 
the first 30 beats in which to develop the acceleration and the last 
8 or 10 beats to check it. In other words, there is a rather 
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abrupt retardation of beat at the close of the series. If plotted 
as a curve the result would take the form of a skew curve with 
a gradual ascent and an abrupt descent. 
In graph 18: in which the ventrad series has been length- 
ened as a result of injury, the series of figures 45, 46, 44, 44, 44, 
45, 45, 46, (60) would yield a more nearly symmetrical curve, 
showing that the acceleration had had time to develop to 
a maximum and decline before its development was cut short 
by a reversal. 
OPERATIONS AND THEIR EFFECT ON THE BEAT 
The operations performed on the animals consisted in slicing 
away the tunic over the region of the heart, making incisions for 
the purpose of severing the visceral nerve strand, and extirpat- 
ing the ganglion. A411 of these procedures result in a lengthen- 
ing of the pulsation series by increasing the number of beats. 
Furthermore, the rate of beat is increased about 20 per cent; 
ventrad and dorsad series follow each other at  shorter inter- 
vening intervals; and the acceleration which was only mildly 
expressed in the graphs for the normal beat, crops out strongly 
as a result of the vigorous stimulations from the operations. 
Graph 1 F  exhibits all four of these phenomena as a result of 
slicing away a part of the tunic. The animal previously (three 
days before) had the ganglion removed, and consequently had 
not entirely recovered, but the effect of the slicing is apparent in 
the ventrad series where the series has been lengthened from 
68 to 81 beats, the initial rate has dropped from 51 to 45 seconds 
for the first 10 beats and the rate in the middle has become 10 
per cent faster than it is at either end. This happens to be the 
only graphic record made for the effects of slicing the tunic. 
The operation was usually performed at  the beginning of the 
investigation in order to render the heart more visible for making 
the records. From unrecorded observations, however, I can 
confirm the results of this single graphic record. 
The result of severing nerves is seen in graphs 153 and 1g2. 
If the ventrad series of these is compared with the ventrad series 
of those of the preceding normal graphs, 151, 152, and 18l, the 
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effects are readily seen to be the.four already mentioned: in 
llj3 the number of beats jumps from 30 to 57, in HZ from 30 to 
54; in 153 the initial rate drops from 58 to 42, in HZ from 53 to 51, 
and in both instances the acceleration crops out and tends to  
reach a maximum nearer the middle of the series than was 
possible in the shorter normal series. The dorsad series of 153 
exhibits, as a result of severing the nerves, a very marked increase 
in the number of beats from 21 in the preceding normal series to 
126, and also a decided speeding up in the rate of beat from 61 to 
44 seconds for the initial 10 beats. The maximum rate is attained 
early in the series at the end of the third 10 beats. In  lP, 
whereas there is little change in rate, there is an increase in 
length of the series from 38 to 54 beats. 
Extirpation of the ganglion produces effects similar to those 
wrought by paring the tunic and severing nerves. They are 
quickly apparent from a study of graphs 156, 164, and 185. 
The number of beats for the ventrad series increases in the three 
graphs from 25 to 83, 27 to 85, and 42 to 65, respectively; for the 
dorsad series from 23 to 54, 25 to 95, and from 41 to 58. The 
increase in acceleration, as indicated by the difference in the 
number of seconds required for the initial 10 beats, for the ventrad 
series is 14”, 13”, and 4”, respectively, and for the dorsad series 
ll”, 9”, and 8” for the three graphs under consideration. The 
duration of the three ventrad series lengthens from 2’ 29” to 
6’ 21”, 2’ 27” to 5’, and from 3’ 52” to 5’ lo”, the three dorsad 
series from 2’ 11 ” to 3’ 52 ”, 2’ 19 ” to 6’, and from 3‘ 39 ” to 4’ 41 ”. 
There is further a shortening of the pause between the ventrad 
and dorsad series. Owing to irregularities attendant upon the 
choice of a landmark for observing the pulsations, the average 
of two successive pauses is selected for comparison rather than 
single pauses. the averages are 8 ”  and 
10.5 ”, respectively. No average could be obtained for graph 164 
owing to interruption of the observations before the dorsad 
series was completed. The single pause recorded, however, is 
3”  less than that for the previous normal series. Thus, not only 
do the individual beats follow each other in more rapid sequence, 
but each series of beats succeeds the one preceding a t  a shorter 
In  graphs 156 and 
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intervening interval. In the dorsad series of both 164 and 185 
and in both ventrad and dorsad series of 1!j6 there is a retarda- 
tion of rate after the initial acceleration with a subsequent speed- 
ing up before the final slowing down. This is exhibited best by 
graph 156 in the ventrad series 43, 44, 48,47,47, 46, 48, (50) and 
in the dorsad series 43, 44, 43, 41, 42, (47), the places of retarda- 
tion being indicated in italics. The figures in parentheses repre- 
sent the calculated number of seconds for the incompleted last 
10 beats and they indicate that the final rate was slower than at  
any other place in the series. 
From these results it is evident that the three operative pro- 
cedures of paring away the tunic, severing the nerves and extir- 
pating the ganglion, bring about in lesser or greater degree the 
same alteration of the characteristics of the dorsad and ventrad 
series of beats: an increase in the number of beats, a primary and 
secondary phase of acceleration through the series, a shortening 
of the interserial pauses, and a lengthening of the time of the 
series more or less directly in proportion as the number of beats 
is increased and their frequency accelerated. 
When, however, the more profound operation of amputating 
the oral siphon is carried out subsequent to the removal of the 
ganglion, as was the case for graph 18*, the above results occur 
in a considerably modified form. The accelerative effect is 
more strongly expressed here than in any of the preceding graphs, 
but the number of beats is incommensurately small. Mark, 
for example, how the rate for the initial 10 beats gradually 
increases with each succeeding injury: from the normal 53” in 
the ventrad series of 181 it drops to 51” in 1@, to 50” in 1S5, 
to 45” in 187, and to 44” in 188. Now, up to the third injury in 
187 there is a concomitant increase in the number of beats from 
the normal number 39 in 18l to 54 in 182, to 65 in 185, to 81 in 187 
but in 188 they drop back to 65. One would have expected, from 
the way the acceleration of rate continued to increase, that the 
number of beats would here have jumped from 81 to about 85, 
but instead it drops back to 65 a figure corresponding to an initial 
rate of acceleration per first 10 beats exhibited by 1S5. In the 
dorsad series this drop is even more pronounced: the 22 beats 
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for the series is not only a striking contrast to the 78 beats of the 
preceding graph, but also to the 38 beats for the normal uninjured 
condition exhibited by the first graph of the set, H 2 ;  the number, 
instead of progressing from 78 to about 85 or 90 pari passu with 
the increase in rate from 49 to 44 seconds for the initial 10 beats, 
has fallen way below the normal. 
Since the amputation of the siphon entailed considerable loss 
of blood, this abrupt shortening of the series by decrease in num- 
ber of beats must in some way be correlated with that loss. It 
is conceivable that the length of a pulsation series may be influ- 
enced by different factors, of which one is blood pressure, 
another the exhaustion of anabolic materials, a third the accumu- 
lation of the products of catabolism, and a fourth nerve reflexes, 
but to which one is to be attributed the diminished number of 
beats cannot at this point be taken up for discussion. 
The fact to be emphasized, however, in connection with this 
particular operation is, that the rate of beat has gone on increas- 
ing according to expectation, whereas the number of beats and 
the length of the series has not. 
RECOVERY FROM OPERATIOXS 
The day following the extirpation of the ganglion the animals 
exhibited a heart-beat which was quite normal in every respect. 
The pulsation-series had shortened, the rate of beat had slowed 
down, the intervening pauses had lengthened again, and the 
strong acceleration which had cropped out in the longer series as 
a result of injury had disappeared except for the same faint trace 
characteristic of the normal beat. 
A comparison of the recovered condition in graph 15’, table 1, 
with the initial normal condition in graph 15l reveals precisely 
the same number of beats in the ventrad series of both, namely 
25, in contrast to 83 beats for the state of injury resulting from 
removal of the nerve ganglion; and in the dorsad series 28 and 23 
beats for recovery and normal in contrast to 54 beats for the 
state of injury. For the recovered condition the rate of the 
ventrad series runs 51, 51, 27 as compared to 55, 55, 29 for the 
normal condition, and both the recovered and the normal condi- 
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tions are in decided contrast to the rate of 43, 43, 44, 48, 47, 
47, 46, 48, 15 for the injured condition. The recovered rateof 
the dorsad series is 51, 54, 40 as compared to 54, 55, 28 for the 
normal, and here again the rate for the recovered and normal 
conditions are in sharp contrast to the rate of 43, 44, 43, 41, 
42, 19 immediately after the ganglion had been removed. 
While in graph 15’ the recovered rate did not slow down quite 
to the normal in either ventrad or dorsad series, in graph 165 the 
rate of both series after recovery was a trifle slower than normal. 
Here the ventrad series shows after recovery from the operation 
the same number of beats, 21, as for the normal condition exhib- 
ited by graph 162, but these 21 beats required 6 seconds longer 
for their completion in the recovered condition than they did in 
the normal series. The dorsad series is also subnormally slow. 
Since no record was made upon the day following the extirpation 
of the ganglion for animal no. 18 no reliable statement can be 
made regarding the character of immediate recovery. Three 
days after the operation, however, a graphic record, 186, revealed 
a more advanced degree of injury, as far as number of beats is 
concerned, than did the record made immediately following the 
operation. But whereas the number of beats had. increased from 
65 (injured ventrad series) to 68 (recovered ventrad series) and 
from 58 (injured dorsad series) to 83 (recovered dorsadseries), 
there was a slight recovery to a slower rate of beat for both ven- 
trad and dorsad series, as the graphs 1S5 and 1S6 of table 3 show. 
SUMMARY OF RESULTS 
There is a certain normal activity of the heart of the tunicate, 
Ascidia mentula, in which the number of beats is about 25 for 
both ventrad and dorsad series. The initial rate is 5.5seconds 
per beat, and the pauses between the series average about 13 
seconds. Stimulation, such as slicing pieces off the tunic,  ever- 
ing the nerves between ganglion and heart, and extirpating the 
ganglion, causes the number of beats to increase from 25 to 50 
or 90, the rate to drop from 5.5 to 5 or 4.5 seconds per beat, 
indicating acceleration, and the pauses to shorten from 13 to 
10 or 8 seconds. I n  addition to these changes there is a retarda- 
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tion of the beat which manifests itself near the middle of a series. 
These changes go hand in hand with one another, and when any 
one of them is patently present, the others are present too. Ex- 
ceptions occur in cases where the circulation has been interfered 
with through operation on the ganglion. 
The effects of stimulation abate and disappear in the course 
of an hour or a day, depending on the character of the operation, 
and the beat of the heart again exhibits its original normal 
characteristics. 
DISCUSSION OF DATA 
It is important to remember before entering upon a discussion 
of the foregoing results that there was at least one feature of the 
heart-beat which the method adopted for experimentation did 
not permit an analysis of, namely, the vigor of the contractions. 
The features which were capable of being analyzed, hornever, 
were the number of beats per series, the frequency of beat, and 
the length of the interval between alternating series. Since the 
problem was to ascertain what control the ganglion exerted over 
the heart, each of these features of the beat maynow beconsidered 
for the evidence that it contributes toward the solution of that 
problem. 
One must first determine which of these features is the most 
delicate indicator of the changes in beat due to stimula- 
tion. Even though the features mentioned are closely correlated 
as expressions of changes in heart activity, it may well be inquired 
whether they are all of equal value or not as indicators of the 
quantitative aspect of these changes. The feature of the length 
of the interserial pauses is of minor consequence in comparison 
with the other two features and will be omitted from the dis- 
cussion. The question therefore resolves itself into one of 
whether the alteration of the rate of beat or alteration of the 
number of beats in a series is the best indicator of the functional 
state of the heart, for to  the most delicate indicator one must turn 
for the nicest evidence of any ganglionic control that may exist. 
and 18* furnishes an answer to this 
question. 
A comparison of graphs 
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The dorsad series of 18* shows a condition almost the reverse 
of that for the ventrad series of 18*. In  the latter graph the rate 
of beat has increased and the number of beats has been reduced, 
whereas in the former graph the number of beats has been in- 
creased while the rate of beat has been reduced. Now, as a 
rule, the number and the rate as both increased by stimulation, 
but here we have the two features changing not onlyindependently 
of each other, but in opposite directions. Apparently it is due to 
a greater volatility or evanescence of the one phenomenon in 
comparison with the other: the change of rate is the more evanes- 
cent and volatile while the change in the number of beats pos- 
sesses greater inertia; consequently, the rate waxes and wanes 
while the number of beats continues to increase, and this change 
crops out in a graph either as an acceleration or a retardation 
during the time that the number of beats is developing to a 
maximum. 
The rate of beat would seem, therefore, to be the more sus- 
ceptible of the two phenomena to stimulation and might be 
regarded as the best indicator of the state of excitation. One 
would consequently expect to find that if there were any regula- 
tory control exerted by the ganglion, it would be first expressed 
by this delicate indicator. The change in rate of beat may be 
regarded as the "vernier' for determining the finer measure of 
any existing control, while the number of beats may be regarded 
as the coarser scale for measuring its grosser aspects. 
The number of beats, as has been pointed out, increases as a 
direct effect of stimulation, but, irrespective of whether the 
stimulus has been the result of incisions in the tunic or of com- 
plete removal of the ganglion, the number subsides again to 
normal after sufficient time has elapsed for recovery, If, after 
recovery, the animal is again stimulated, the same rise in number 
of beats occurs with a subsequent reversion to normal after the 
stimulation effects have died away. Animals nos. 15 and 16 
show this recovery the best. In graphs 154 and 157, both of 
which are cases of recovery, the first after slicing the tunic and the 
second after removing the ganglion, the number of ventrad beats 
has dropped from 57 and 83, respectively (graphs 153 and 156), 
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back to thenormal 25 of graph 15l. In graph 165 is also seen 
the restoration to normal, 21 beats, after the high increase to 
85 beats exhibited by the preceding graph as a result of 
removing the ganglion. The dorsad series shows a normal of 
25 in graph 15l and a recovery to 24 and 28 beats, respectively, 
in graphs 154 and 15'. The dorsad series of 163 b also shows a 
normal of 25 beats, but after recovery from the effects of the 
ganglion the number of beats falls short of the normal 21 and 22 
beats in 16j a and 165 b, respectively, and 19 beats in 166. Thus, 
except for the 28 beats in graph 15', the 24,21, 22, and 19 beats 
are less than the normal 25 which was selected as theshortest 
normal dorsad series for comparison. 
These instances substantiate the statement that the number 
of beats returns to normal or approximately to normal the day 
following extirpation of the ganglion. The ventrad series approx- 
imates the normal more closely than the dorsad series does in 
this respect. 
It must here be remarked that the normal number of beats 
is itself by no means constant: the number ranges for animal 
no. 15 from 25 to 30 for the ventrad series and from 21 to 25 for 
the dorsad: for animal no. 16 it ranges from 21 to 38 for the 
ventrad and from 25 to 33 for the dorsad. These fluctuations of 
the normal number of beats may be attributed to minor stimu- 
lations of some sort or t o  variations in the general metabolism. 
It is to be expected, therefore, that similar fluctuations would 
occur after recovery. 
Now, in the cases above mentioned where the recoveredcondi- 
tion was 19, 21,22, and 24 beats instead of the normal number 25, 
could this shortage be interpreted as a result of the removal of 
the ganglion and with it a removal of a tonic influence which, 
under normal conditions, enables the heart to relax to a state of 
moderate activity? 
The answer to this question hinges upon whether 25 in the 
graphs for animal no 16 is the lowest number of beats possible 
for a normal dorsad series. While it is the lowest on record for 
this animal, it is not the lowest for animal no. 15, where the 
normal is as low as 21 beats to a series. This is the case for 
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graph 1P.  After severing the nerves, however, the number of 
beats after soaring to 126 returned to 23, and when the whole 
ganglion was removed it rose to 54 and subsided to 28. In this 
instance the recovered condition exhibits a number of beats 
which is above the normal and it stands in contrast to the re- 
covered condition for animal no. 15, where the number of beats 
was below the normal. 
One may therefore just as legitimately ask whether this super- 
normal number of beats after recovery is likewise not an ex- 
pression of lifted ganglionic control. 
In the absence of conclusive evidence from the study of the 
dorsad series, one can only balance the two cases one against the 
other, pointing out that animal no. 15 recovers at best to a number 
of beats only two above the lowest recorded normal, while animal 
no. 16 recovers at best to a number six below the lowest recorded 
normal. But in view of the fact that the normal number fluctu- 
ates through a recorded range of 8 beats for no. 16 and 4 beats 
for no. 15, the two cases of recovery may be regarded asclose 
enough to the normal to be within the range of normal fluctua- 
tion. This is substantially confirmed by the instances pointed 
out in the records of the ventrad series where the number of 
beats upon recovery coincides exactly with the normal number. 
Animal no. 15 shows this precise readjustment both after sever- 
ance of nerves between ganglion and heart and after extirpation 
of the ganglion: three times the heart upon recovery exhibits the 
same number of 25 beats which it exhibited prior to the opera- 
tions. Animal no. 16 twice shows a state of recovery in which 
the number of beats tallies with the normal record of 21. 
Consequently, since there is not only the close approximation 
to the normal number of beats upon recovery in the dorsad 
series, and also an exact tally with the normal upon recovery in 
the ventrad series, the feature of the number of beats gives no 
evidence of any regulatory control exerted by the ganglion on the 
heart. 
The manifestation of fluctuations in the number of beats 
about a certain normal both for the uninjured and the injured 
state of the animal suggested the possibility that the range of 
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fluctuation might be different for the two conditions. Table 4 
was consequently prepared to test this possibilit,y out : consecu- 
tive ventrad series are brought together in one column and 
consecutive dorsad series in another and the ranges of fluctuation 
placed beside them so that the extremes may be picked out at a 
glance. 
The least fluctuation exhibited by normal animals are those in 
graph 15', where the variation in three consecutive series of 
both ventrad and dorsad beats is a single beat, and in the dorsad 
series of 1@, where it is also a single beat for two consecutive 
series. But the same fluctuation in consecutive series occurs 
likewise immediately after the nerves between ganglion and heart 
have been severed, as in the ventrad set of 1P, and after recovery 
from extirpation of the ganglion had occurred, as in the dorsad 
series of 1@; in both cases the fluctuation between two consec- 
utive series is but a single beat. 
The maximum Auctuations that occur in normal consecutive 
series of ventrad beats are 12 for animal no. 15, 17 for animal 
no. 16, and 2 for animal no. 18; and in normal consecutive 
dorsad series they are 14, 3,  and 3 beats for the same animals, 
respectively. The maximum is much higher after some of the 
performed operations: 24 beats in the dorsad set of 15 where the 
nerves had been severed, 26 in the dorsad set of 18 after the 
same operation, and 30 beats in the ventrad set of 18 where the 
ganglion had been removed. In  several instances no data were 
obtained for consecutive series following operations, owing to  
the interruption of the observations. 
The fluctuations in consecutive series after recovery had taken 
place range from the minimum of one beat to 2, 3, 4, 5, and 9 
beats as seen in graphs 18, 16, 15 and 18, respectively. 
It is evident from the foregoing that fluctuations both small 
and large occur in sets of consecutive series whether ventrad or 
dorsad, irrespective of whether the animal was in the normal 
condition or recovered condition or in a state of injury. The 
fact that greater fluctuations occur in the normal than the re- 
covered condition might be interpreted as indicating a greater 
sensitivity, the source of which could be attributed to the pres- 
NERVOUS SYSTEM O F  TUNICATE 59 
ence of ganglionic influence. Final judgment, however, must 
be suspended until the remainder of the evidence has been 
considered. 
In  table 5 has been brought together the rates in seconds per 
every 10 beats. The first or upper portion of the table gives 
the rates for ventrad series and the last or lower portion the rates 
for dorsad series. For animal 15 the normal rate was 55”, 55”, 
(29”) for one reading, and 58”, 55”, 53” for a second ventrad 
series. The number in parenthesis is for the last incomplete 
set of beats, here five instead of t,en. There is a fluctuation of 
3 beats between the initial sets 55 and 58 for the two readings. Of 
the six readings for the normal beat of no. 16 the figures range 
from a minimum of 54 to a maximum of 69. Since the third 
reading was exceptionally high, the average initial rate would be 
57” for the first ten beats. Animal no. 18 shows 53” for the 
single normal reading obtained. 
When the nerves between ganglion and heart were severed, 
the initial figure dropped to 42 for no. 15, to 51 for no. 18, indi- 
cating by the fewer seconds required in each case for the initial 
10 beats a more rapid rate of beat. No. 15 thus shows the 
greater acceleration of the two as a result of the operation. 
The following day, however, after recovery had occurred, the 
rates had returned to 53” and 57” for no. 15 and to 57” and 54” 
for no. 18. In the first case 57“ lies between the 55” and 58” 
of the normal reading above, and 54” in the second case is but 
one second greater than the normal. 
When the ganglion was extirpated the initial figure again 
dropped to 43” for no. 15, 42”  for no, 16, and to 50” for no. 18, 
indicating renewed acceleration. Recovery was recorded for 
the first two animals only: for no. 15” it returned to 51 and for 
no. 16 to 70”. In  the case of no. 15 the return was not quite 
to the normal, while for no. 16 it was to a figure higher than 
the average normal; i.e., in the first case the recovered rate 
was still slightly accelerated, while in the second it was slower 
than normal. If the last reading for the recovered rate of no. 
16 be compared, however, to the third normal reading, they are 
nearly alike: 69, 67, (7) vs. 69, 64, (7). Since the dorsad series 
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closely resembles the ventrad series with respect to these effects 
of operations and recovery upon the initial rate and since the 
results are even closely akin numerically, it must be concluded 
that alterations of the initial rate give no evidence of any con- 
trol exerted by the ganglion. 
TABLES 
Tables 1 to 3 were compiled from kymograph records. The 
records were obtained by ticking off the passage of the waves of 
contraction through the instrumentation of a Morse key in 
circuit with an electromagnetic signal. 
For each graph thus secured there is given a statement in the 
table of the number of beats occurring in successivealternating 
ventrad and dorsad series, V standing for ventrad and D for 
dorsad; and then an analysis of the italicized pair of these, show- 
ing the time-rate for every ten beats of each series, together with 
the pause intervening between two consecutive series. 
Table 4 is a rearrangement of the data contained in tables 1 
to 3 for the sake of comparing, first, the number of beats in the 
ventrad series for all three animals and in the dorsad series for 
all three animals, and, second, the range in fluctuation for both 
ventrad and dorsad series of beats. 
Table 5 is arranged to bring together the time-rates for com- 
parison. The first six rows give the rates for the ventrad series 
of all three animals and the last five rows give the rates for the 
dorsad series. 
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ru'ormal. . . . . . . 
- 
TABLE 1 
i lscidia rneiitula, no. 15 
1st Ventrad series (25V) 1st Dorsad series (25D) ______-- 
Graph 15'. 5.V.13 Pulsation series: 26V-26D-26V-2GD-26V-26D 
Injury 2" 
__- 
1 s t  Ventrad series (831') 1st Dorsad series (54D) 
Graph lj2. Y. V. 13 Pulsaton series: 2f1)-307i-30D42V-35D __ ______ _- . . _ -  
ls tventradser ies  (3OV) 1 Ifit, Dorsad series (21D) 
.-__.__ - 
~~~ 
Graph 153. X. V. 13.a.m. Polsation serics: 166D-57V. .  . . . .58V-l02L) 
Injury 1* 1st Ventrad series (57V) I 1st. Dorsal series. (126D.) __ -- - 
Beats. . .~liYl~lO~ldlO' 7'=57 'Pause10 10'1010'10'10'10~ 6'=126 Pause 
Seconds .,4240,39~4040,30,=3'jl" 10" 44 441454545;4.5,48,29 -9'22" 8" 
______ 
Graph 1.54. 8.V.13.p.m. Pulsation series: 23V-'~D-25V-84D-28V-'2FD 
I 
Recovery 2nd Ventrad aerie.; (25V) 1 2nd Dorsal series (24D) 
- ~ -
Beats . . . . . . . 1010 5 =25 I Pause l lO~l0~ 81 =28 Pause 
Seronds. .  . , . . I i I I  515127 =2'9" 1 11" 5154401 =2'25" 
*Injnryl :  nervrs between ganglion and heart severed. 
*Injury 2: ganglion extirpated. 
TABLE 2 
Ascidia mentula no.  16 
~ 
Normal.. . . . . . . . 1st Ventrad series (31V) 
Bents" , , . . . . . . 10 10 10 1 
Seconds. . . . , . . . 6454561 61 =;;;'' 1 10" Pause 
2nd Ventrad series (40D) 
Beatsb. . . . . . . . . 10 1 10 I 10 1 10 1 =40 1 r;;se 
Seconds. . , . . . . 57 56 56 56 =3'45" 
Graph 16l G.V.13 Pulsation series : 31 V-%?D-.$OV-33D. . . 
1st Dorsad series (32D) 
10~10~10~ 21 =32 Pause 
58 58 57 13 =3'6" 11'' 
2nd Dorsad serics (33D) 
10~10~10/ 31 =33 1 Pause 
57 57 56 18 =3'8" 11" 
Normal.. , . . . . . . . 1st Ventrad series (21V) 
Graph 163. 1 Ventrad series (28V) 1 Dorsad series (26D) 
1st Dorsad series (28D) 
Beats" . .  . . . .  . . . 1010 8 1010 6 Pause 
Seconds.. . . . . . . , 1 56 I 53 I 43 1 =28 '32" :yse ~561521331 I?21ft 1 10" 
Ventrad series (38V) Dorsnd series (28D) 
Graph 18' 7.V.13 Pulsation series: 95D-85V.. , . . . . . 
Beatsb.. . . . . . .  . . 101010 8 
Seconds, . . . . . . .1541545d4J 1?21 1 11" Pause 
Ganglion cut o u t , .  . /  Ventrad series (85V) 1 Dorsad series (95D) 
10/101 81 =28 I Pause 
53 55 44 =2'32' 10" 
Ventrad series (Z'V) 
=27 1 Pause 
=2'27' I 12'' 
Dorsad series (25D) 
10/101 51 =25 1 Pause 
555628 =2'19" 10" 
G? 
Recovery. . . .. . . 
Beats" . . . . . . . .  , . 
Seconds.. . . . . . , , 
B e a k b . .  .. . . . . . . 
Seconds.. . . . . , . . 
Ventrad series (21V) Dorsad series (21D) 
1010 1 =21 Pause 1o/Lo~ 11 =ZI  1 Pause 
7069 7 =2'26" 15" 6668 7 =2'21" 10" 
Dorsad series (22D) 
1010 4 Pause 101101 21 =22 1 Pause 
646626) Zi'39'' 1 14" 64 68 13 =2'25" 10" 
I l l  I 
V e n t r d  scries (24V) 
- 
Ventrad series (21V) 
Beats..  . .  . . . . . _ .   . , 1010 1 =21 Pause 
Seconds.. . . . . . . , . (i9(Ii?( ?( =2'23'' I 12" 
Dorsad series (19D) 
101 91 =19 1 Pause 
6861 =2'9" 20" 
Normal. , . , . . . Ventrad series (39V) 
B e a t s . .  . . , , . . . . 101010 1 I 1 9 I =39 I $;e 
Seconds . . . . . . . . 53 51 49 50 = 3’23” 
*Injuries: 1 Incison made severing nerves betwccn ganglion and aboral 
siphon. 
2. Ganglion excised. 3. Pieces sliced off tunic. 
4. Oral siphon amputated. 
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Dorsad series (38D) 
~ 0 1 1 0 1  81 =38 I Pause 
54 55 53 48 =3’30” 6” 
Injury 1*. . . . . Ventrad series (54V) 
Beats. . . . , , , . 10 10 10 10 10 ‘ 4  =54 
Seconds.. . , , . 51 i ‘ i l t l  50147 48 49 20 =4‘25“ i 19” Pause 
Dorsad series W D )  
10 10 10 10 10 4 =54 Pause 
55 I i I l I I  55 53 53 54 25 =3’55“ I 6” 
Recovery . . . . . 
Bents, . . . .  . . . . 
Seconds.. . . . . , 
Ventrad series (41V) Dorsad‘series (47D 1 
1010’1010 1 =41 Pause 10101010 7 =47 Pausc 
5715515453i 7( =3’45” 1 19” 5515453I54141/ =4’18” 1 9” 
Ventrad series (42V) 
Beats. .. . .  . . . . 10101010 2 =42 Pause 
Seconds.. . , . . . %~53~51~53~11~ =3’52” 1 17” 
Dorsad series (41D) 
10101010 1 =41 Pause 
55155153154 4 =3’39” 1 6” 
Injury 2*. 
Beats. . . . . . 
Seconds. . . . 
Ventrad series (65V) Dorsad series (58D) 
10 10 10 10 10 101 5 =65 
50149444614614824 =5’10” 1 13” 47(4814714&91411 =4’41” I 8” Pause 10 10110 10 10 8 =58 Pause 
Recovery. Ventrad series (68V) Dorsad serics (83D) 
Injury 3* Ventrad series (81V) Dorsad series (78D) 
Injury 4 * .  , . . . . 
Beats. . _ . _ . .  , . . .  
Seconds.. . . . . . . . 
Vcntrad series (65V) Dorsad series (22D) 
=4‘24” I 10” 44~50111~ =1’45” 1 12” 101010101010 5 =65 Pause 1010 2 =22 Pause 
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TABLE 4 
IAmina 15 
Animal 16 
Animal 18 
1 
e: 
- 
1 
2 
3 
4 
5 
6 
7 
1 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
8 
93 
- 
DATE 
5.V.13 
8.V.13 
8.V.13 
8.V.13 
p.m. 
9.V.13 
9.V.13 
10.V.13 
6.V.13 
7.V.13 
7.V13 
8.V.13 
19.V.13 
a . m .  
21.V.13 
21.V.13 
22.V.13 
23.V.13 
23.V.13 
26.V.13 
26 .V. 13 
26.V.13 
3TATE OF ANIMAL 
Normal 
Normal 
Nerve sev- 
ered 
Recovery 
Recovery 
Ganglion ex- 
tirpated 
Recovery 
Normal 
Normal 
Ganglion ex- 
tirpated 
Recovery 
Recovery 
Normal 
Nerves 
severed 
Recovery 
Recovery 
Ganglion 
extirpated 
Recovery 
Slices off tu. 
nic 
Oral siphonr 
amputated 
NUMRER 
OF BEATS IN 
VENTRAD 
SERIES 
25,26,26 
30,42 
57,58 
23,25,28 
23,25,26 
83 - 
21,25 
31,40 
85 
21,24,23 
21,24 
31,40 
54 
41,50 
42,44 
65,95 
1. .38,28,25 
68- 
s1 
65- 
IUMBER OF BEAT8 
Y DORSAD SERIEQ 
25,26,26 
21,30,35 
126,102 
22.24.26 
20,23,25,25 
54,68 
26,28 
32,33.. . . 
3. .28,28,26,26 
95 
21,22 $2 
19,20 
32,33 
54,80 
47,42 
41.39 
58- 
83- 
78 
22- 
1 
14 
24 
4 
0 
14 
2 
1 
3 
- 
2 
1 
1 
26 
5 
2 
- 
TABLE 5 
Rate in seconds per consecutive &en beats - 
- 
1 
2 
3 
4 
5 
6 
- 
7 
8 
9 
10 
11 
12 
- 
TAPE OF ANIILAI 
Normal 
Nerves sev- 
ered be- 
tween gan 
&on and 
heart 
Recovery 
Ganglion 
extirpated 
Recovery 
Amputation 
of oral si- 
phon 
Normal 
Nerves sev- 
ered be- 
tween gan- 
glion and 
heart 
Recovery 
Ganglion 
extirpated 
Recovery 
Oral siphon 
amputated 
SERIEB 
Ientrad 
fentrad 
ientrad 
Ventrad 
gentrad 
Ventrad 
Dorsad 
Dorsad 
Dorsad 
Dorsad 
Dorsad 
Dorsad 
55, 55, (29) 
58, 55,53, 
42,40,39,40,40 
(30) 
53, 53, (25) 
57,56, (27) 
L3,43,44,48,47 
47, 46, 48 
51, 51, 27 
- 
54,55, (28) 
61,64, (8) 
44, 43, 42, 44, 
44,44,45) 45, 
45, 45,48(29: 
52,52, (23) 
54,58, (19) 
43, 44, 43, 41, 
42, (19) 
51,54, (40) 
ASIMAL SO.  16 
60,59, 56, (6) 
57,56,56,56, 
69, 64, (7) 
54, 53,51, (43 
56,5 3, (43) 
55, 55, (37) 
- 
- 
- 
42, 41, 41, 41, 
43,. . . 
70,69, (7) 
67, 66, (26) 
69, 67, (7) 
- 
58,58,57, (13) 
57, 57, 56, (18) 
61,61, (50) 
56,52, (33) 
55,56, (28) 
53,55, (44) 
- 
- 
46,48,47,45,4E 
45: 44,47 
66, 68, (7) 
6% 68, (13) 
68, (61) 
ANIMAL 10. 18 
53, 51, 49, (50) 
51,50,47,48,49, 
(20) 
57,55,53,53,(7) 
54,53,51,53, (11) 
50, 49, 47, 46, 
46, 48, (24) 
54,55,53, (48) 
55, 55) 53) 53, 
53, 54, (25) 
55, 55, 53, 54, 
(41 1 
47, 48,47,49,49, 
(41 
50, 52, 50, 47,, 
49,48, 48, 52, 
(17) 
44,50, (11) 
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